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ABSTRACT 

INTRODUCTION Between 4% and 13% of patients with operable pancreatic malignancy are found unresectable at the time of 
surgery. Double bypass is a good option for fit patients but it is associated with a high risk of postoperative complications. The 
aim of this study was to identify pre-operatively which patients undergoing double bypass are at high risk of complications and 
to assess their long-term outcome. 

METHODS Of the 576 patients undergoing pancreatic resections between 2006 and 201 1, 50 patients who underwent a 
laparotomy for a planned pancreaticoduodenectomy had a double bypass procedure for inoperable disease. Demographic data, 
risk factors for postoperative complications and pre-operative anaesthetic assessment data including the Portsmouth Physiolog- 
ical and Operative Severity Score for the enumeration of Mortality and morbidity (P-POSSUM) and cardiopulmonary exercise 
testing (CPET) were collected. 

RESULTS Fifty patients (33 men and 17 women) were included in the study. The median patient age was 64 years (range: 
39-79 years). The complication rate was 50% and the in-hospital mortality rate was 4%. The P-POSSUM physiology subscore 
and low anaerobic threshold at CPET were significantly associated with postoperative complications (p=0.005 and p=0.016 
respectively) but they were unable to predict them. Overall long-term survival was significantly shorter in patients with 
postoperative complications (9 vs 18 months). Postoperative complications were independently associated with poorer long- 
term survival (p=0.003, odds ratio: 3.251). 

CONCLUSIONS P-POSSUM and CPET are associated with postoperative complications but the possibility of using them for risk 
prediction requires further research. However, postoperative complications following double bypass have a significant impact 
on long-term survival and this type of surgery should therefore only be performed in specialised centres. 
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Even when state-of-the-art, high quahty computed tomo- 
graphy (CT) is available, between 4% and 13% of pancreat- 
ic cancer patients are unresectable at surgical exploration.' 
Biliary obstruction and gastric outlet obstruction are vei'y 
common complications in patients witli advanced pancreat- 
ic malignancy.- Tlierapeutic options include surgical bypass 
(ie gastroenterostomy and hepaticojejunostomy), endoscop- 
ic retrograde cholangiopancreatography and percutaneous 
transhepatic cholangiography placement of stents.' 

Retrospective studies of palliative surgical biliary bypass 
have reported mortality and morbidity rates of 3-16%) and 
28-48%o respectively.' ' There are no robust data on the role 
of double bypass surgery (ie gastric and bihary bypass sur- 
gery) versus endoscopic stenting in patients with biliary and 
duodenal/gastric outlet obstruction.^ 



Biliary stenting techniques are effective in the short 
term but may require further intei'vention and can be asso- 
ciated with recurrent attacks of cholangitis. Open surgical 
biliary bypass demonstrates low rates of recmrent jaundice 
(2-5 %o).'' For patients with gastric outlet obstruction, duo- 
denal stents seem to be preferable in those with a short life 
expectancy and gastrojejunostomy may be preferable in 
patients with a more prolonged prognosis." 

In oiu- unit, surgical bypass is preferred for patients who 
are fit for surgery, found to be inoperable at laparotomy and 
have a reasonable prognosis. Having been assessed for a 
pancreaticoduodenectomy, the majority of patients are pre- 
sumed to be good candidates for a surgical bypass. 

As recently demonstrated in our institution, complex 
medical co-morbidities predispose to postoperative com- 
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Table characteristics ^^^^^^^^^^^^^^^H 






Median age in years (range) 


54 (39-79) 




Sex 


> Male 


33 (66%) 




> Female 


17 (34%) 




Median body mass index in kg/m^ (range) 


25.5 (18-42) 




Indication to surgery 


> Ductal carcinoma 


35 (70%) 




> Ampullary carcinoma 


4 (8%) 




> Duodenal carcinoma 


4 (8%) 




> Cholangiocarcinoma 


1 (2%) 




> Undifferentiated adenocarcinoma 


6 (12%) 




Reason for palliative surgery 


> SMA, CA, HA, SMV involvement 


28 (56%) 




> Liver metastases 


15 (30%) 




> Peritoneal metastases 


4 (8%) 




> More than one of the above reasons 


3 (6%) 




Postoperative complications 


25 (50%) 




More than 1 complication 


9 (18%) 




Type of complication (POMS)* 


> Cardiovascular 


2 (4%) 




> Pulmonary 


6 (12%) 




> Renal 


3 (6%) 




> Gastrointestinal (including GOO) 


5 (10%) 




> Anastomotic leak (biliary, gastric or enteric) 


6 (12%) 




> Others (wound infection, uncontrolled diabetes etc) 


12 (24%) 




Median length of hospital stay in days (range) 


12.6 (5-39) 




Relaparotomy 


3 (6%) 




In-hospital mortality 


2 (4%) 





SMA = superior mesenteric artery; CA = coeliac artery; HA = hepatic artery; SMV = superior mesenteric vein; GOO = gastric outlet obstruction 
*POMS (postoperative morbidity survey): anastomotic leak is shown as a separate complication 



plications after surgery and tlie majority of postoperative 
complications occur in a small group of liigli risk patients.'" 
Tlie aim of this study was to identify tlie factors associated 
with postoperative complications in patients found inoper- 
able at laparotomy and undergoing palliative double bypass 
for pancreatic malignancy using data collected from pre- 
operative assessment. We also attempted to analyse the role 
of submaximal cardiopulmonary exercise testing (CPET), 
which produces a measurement of anaerobic threshold 
(AT), an independent predictor of increased postoperative 
complications.'" 

Methods 
Patient population 

The Freeman Hospital in Newcastle upon Tyne is a referral 
centre for pancreatic diseases in the north-east of England 



and the hepatopancreaticobiliary unit performs on aver- 
age 120 pancreatic resections per year for malignancy. All 
patients who underwent a double bypass procedure between 
January 2006 and July 2011 at the hepatopancreatobiliary 
unit were identified from a prospectively held database. 

Only patients with pre-operatively resectable pancre- 
atic malignancy or those with borderline resectability were 
included in the study. Patients without histological evidence 
of pancreatic malignancy were excluded. Endoscopic ultra- 
sonography was performed only when tissue diagnosis was 
not available or when better assessment of vascular inva- 
sion was needed. 

Contraindications for resectability were: superior 
mesenteric artery, hepatic artery and coeliac artery involve- 
ment; superior mesenteric vein involvement below the first 
mesenteric branches; liver metastases; peritoneal metas- 
tases; and inferior vena cava involvement. 
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Table 2 Outcome variables comparing patients with and witliout complications 





No complications 

(n=25) 


1 or more complications 

(n=25) 


P-value 


Median age in years (range) 


64.6 (45-79) 


64.6 (39-76) 


1.0 


Sex 






0.551 


> IVlale 


15 


IB 




> Female 


10 


7 




Indication for surgery 






0.731 


> Ductal carcinoma 


18 


17 




> Ampullary carcinoma 


1 


3 




> Duodenal carcinoma 


2 


2 




> Cholangiocarcinoma 


1 


0 




> Undifferentiated adenocarcinoma 


3 


3 




Reason for palliative surgery 






0.681 


> SMA, CA, HA, SMV involvement 


16 


12 




> Liver metastases 


6 


9 




> Peritoneal metastases 


2 


2 




> More than one of the above reasons 


1 


2 




Median body mass index in kg/m^ (range) 


25.5 (21-42) 


25.4 (18-39) 


0.954 


Median blood loss at surgery in ml (range) 


733 (100-2,310) 


837 (250-2,500) 


0.491 


Operating time in hours (range) 


4.0 (1.5-6) 


4.2 (2-7) 


0.553 


Biliary stent at surgery 


19 


19 


1.0 


Bilirubin level at surgery in |jmol/l (range) 


36.0 (3-100) 


63.6 (6-208) 


0.064 


Diabetes 


7 


7 


1.0 


Cardiac history 


6 


6 


1.0 


ASA grade 






0.053 


> 2 


20 


12 




> 3 


5 


12 




> 4 


0 


1 




Median P-POSSUM physiology score (range) 


16.5 (12-20) 


18.7 (15-26) 


0.005 


Median anaerobic threshold in ml/kg/min (range)* 


14.1 (10.3-16.9) 


11.3 (6.2-15.4) 


0.016 


Chemotherapy following surgery 


16 


12 


0.693 


Chemotherapy not given as prolonged hospital stay 


0 


3 


0.235 



SMA = superior mesenteric artery; CA = coeliac artery; 
Anesthesiologists; P-POSSUM = Portsmouth Physiolog 

*20 patients only 



HA = hepatic artery; SMV = superior mesenteric vein; ASA = American Society of 
ical and Operative Severity Score for the enumeration of Mortality and morbidity 



In all cases the double bypass surgei'y consisted of 
double jejunal loop reconstruction with an end-to-side 
hepaticojejunostomy on a Roux-en-Y with a loop gastroen- 
terostomy. 

Patients without up-to-date (within four weeks of sur- 
gery) CT were excluded from the study as this clearly relates 
to outcome of patients found to be unresectable at surgery. 
None of these patients received pre-operative cliemothera- 
py or radiotherapy. Patients with neuroendocrine tumours 
were also excluded from the study as they have a less 
aggressive disease. 



All patients were assessed routinely for pancreaticoduo- 
denectomy. The American Society of Anesthesiologists (ASA) 
physical status classification system was adopted (grade 1/2 
= normal healthy or mild systemic disease; grade 3 = severe 
systemic disease; grade 4/5 = severe systemic disease that is 
a constant threat to hfe or moribund). The Portsmouth Phys- 
iological and Operative Severity Score for the enumeration 
of Mortality and morbidity (P-POSSUM) physiology subscore 
(age, cardiac and respiratory status, electrocardiography 
report, systolic blood pressure, pulse rate, haemoglobin, 
white cell count, urea, sodium, potassium, Glasgow coma 
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Figure 1 Survival for patients witli and wittiout postoperative 
complications 



scale) was also calculated as it has been validated as a vei'y 
good predictor of morbidity in pancreatic surgeiy." '- 

Patients were also selected for CPET by virtue of a low 
subjective functional capacity. This was defined by a meta- 
bolic equivalent score of <7, according to a simple activity- 
based clinical history. In our institution, we have demon- 
strated previously (unpublished data) that patients with a 
simple metabolic equivalent score of <7 do not predictably 
have major complications postoperatively. CPET is the anal- 
ysis of both cardiac and pulmonary data during exercise. It 
measures both 0, consumption and COj, production, and 
can identify the point at which CO, levels start to increase 
at the airway. This correlates to the lactate, or AT where en- 
ergy systems begin to change over. 

Outcome measures 

Postoperative complications were recorded according to 
the postoperative morbidity survey.'"' Secondary outcomes 
included intensive care unit stay, hospital stay, in-hospital 
mortality rates, delay or cancellation of palliative chemo- 
therapy due to complications and overall survival. Patients 
were reviewed routinely in outpatient clinics every three 
months. 

All data (including demographic details, medical history, 
intra-operative details, morbidity and mortality, palliative 
chemotherapy and overall survival) were collected from a 
prospectively held database. Patients with in-hospital mor- 
tality were excluded from the long-term sui^vival analysis. 

Statistical analysis 

T-test (continuous, normal distribution), Mann-Whitney 
(continuous, non-normal distribution) and chi-square 
(categorical) analyses were used to compare demograph- 
ic and chnical variables between groups. A two-tailed 
p-value of <0.05 was considered significant. The receiver 
operating characteristic (ROC) cui've was used to determine 
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optimal values (upper left corner), area under the curve 
(AUC), sensitivity and specificity. Survival was calculated 
by the Kaplan-Meier method and Cox proportional hazards 
regression. All analyses were performed using SPSS® 19.0 
(SPSS, Chicago, IL, US). A p-value of <0.05 was considered 
significant. 

Results 

Out of 576 patients who had an operation for pancreatic 
malignancy between January 2006 and July 2011, 57 
patients (10%) underwentpalliative double bypass surgery. All 
patients had a pre-operative biliary stent. (Usually, a plastic 
stent was used; four patients had a short metal stent.) No 
patients had pre-operative gastric outlet obstruction. Four 
patients with a diagnosis of neuroendocrine malignancy 
and three patients who were not considered for a pancrea- 
ticoduodenectomy at the time of the bypass were excluded. 
Three patients who did not have up-to-date CT underwent a 
palliative gastroenterostomy. 

Fifty patients were considered in the study. The popula- 
tion data are shown in Table 1. The median age was 64 years 
(range: 39-79 years), and 33 male and 17 female patients 
were evaluated. The most common indication for surgery 
was pancreatic ductal adenocarcinoma (ra=35, 70%). Post- 
operative complications occurred in 50% of patients (w=25). 
In-hospital mortality was 4% (n=2). The median hospital 
stay postoperatively was 12.6 days (range: 5-39 days). No 
patients were lost at follow-up. At the time of analysis, 16 
patients (32%) were still alive. The median follow-up dura- 
tion was 10 months (range: 4-33 months). Reasons for inop- 
erability are also shown in Table 1. 

Primary and secondary outcomes are shown in Table 2. 
Twenty of the fifty patients had pre-operative CPET. P-POS- 
SUM physiology subscore and AT were significantly associ- 
ated with postoperative complications (/j=0.005 and p=0.016 
respectively). 

The median P-POSSUM physiology subscore in the com- 
phcations group was 18.7. The ROC curve showed an opti- 
mal P-POSSUM physiology subscore at 16.5 with a fair de- 
gree of accuracy (AUC 70%, /5=0.013), and a sensitivity and 
specificity of 72% and 56% respectively. The ROC curve was 
not performed on AT due to the small number of patients. 

The median overall survival for all patients was 14.6 
months. Patients with postoperative complications had a 
significantly shorter median sui-vival than those without 
complications (9 vs 18 months, p=0.003) (Fig 1). 

At univariate analysis, age at surgery, sex, tumour his- 
tology and reason of inoperability were not significantly as- 
sociated with long-term survival. At Cox regression analy- 
sis, neither P-POSSUM or AT were associated with overall 
long-term survival (/?=0.274 and p=0.498 respectively). At 
multivariate analysis, postoperative complications were 
associated independently with poorer long-term survival 
(yO=0.003, odds ratio [OR]: 3.261, 95% confidence interval 
[CI]: 1.492-7.129). Palliative chemotherapy was also signifi- 
cantly associated with sui-vival (p=0.028, OR: 0.446, 95% CI: 
0.215-0.924). No multicollinearity was evidenced between 
the two variables. 
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Discussion 

There is currently no strong evidence on how to manage 
patients with inoperable disease at laparotomy. Most of the 
literature has focused on comparing surgical bypass with 
biliary stents in biliary obstruction. Three randomised 
studies that compared surgical bypass with plastic biliary 
stenting found no difference in the rates of technical or ther- 
apeutic success."""' However, although the relative risk of 
complications was lower in the stenting group, there was a 
highly significant reduction in recurrent biliary obstruction 
at four months in the surgical group. 

Laparoscopic biliary bypass has also been developed as 
a minimally invasive approach'^ but there is no randomised 
evidence to show superiority when comparing open and 
laparoscopic biliary bypass surgery.' With regard to gastric 
outlet obstruction, which occurs in 10-20% of pancreatic 
cancer patients,'" laparoscopic gastroenterostomy has been 
introduced as a minimally invasive approach to surgical by- 
pass and there is some evidence of a quicker recovery rate" 
although duodenal stents may be preferable in patients with 
a short life expectancy."* 

One of the questions we tried to answer was whether it is 
possible to identify those patients with a high risk of comph- 
cations and to perhaps consider avoiding a surgical bypass 
at the time of laparotomy. We demonstrated that P-POSSUM 
physiology subscore and AT (albeit witli a small sample size) 
are significantly associated with postoperative complications 
but we failed to validate these tests for risk prediction. 

In fact, one of the problems encountered was that all 
our patients were candidates for elective pancreaticoduo- 
denectomy and therefore relatively fit. The median P-POS- 
SUM physiology subscore in the complications group was 
low, making it difficult to use this test to predict complica- 
tions as evidenced by the ROC curve. The same applied to 
AT (11.5ml/kg/min in the complications group), which was 
higher when compared with our previous analysis, where 
an AT of <10.1 was used to predict complications.^" We 
believe larger studies are needed to test P-POSSUM and AT 
as predictors of complications. 

There is very little literature looking into risk prediction 
in these patients. In 2009 de Castro et al published a study 
showing that POSSUM overpredicts morbidity and predicts 
overall long-term survival in patients with unresectable 
pancreatic cancer.^' In this study, surprisingly, 32% of the 
patients were found unresectable at laparotomy, possibly 
because of historical data, in contrast with the literature re- 
porting an unresectability rate at laparotomy of 4-13%. 

POSSUM includes the same variables as P-POSSUM 
but a different formula is used to predict the risk of death" 
and it consists of 12 physiological factors (age, cardiac 
status, respiratory status, electrocardiography report, 
systolic blood pressure, pulse rate, Glasgow coma scale, 
haemoglobin, white cell count, urea, sodium, potassium) 
and 6 operative parameters (operative complexity, multiple 
procedures, blood loss, peritoneal contamination, extent of 
malignant spread, elective or emergency surgery). Obvious- 
ly, these last parameters are very difficult to assess before 
surgery and therefore the role of POSSUM in this study is very 
limited. 



An interesting finding of our study was that complica- 
tions have a significant impact on long-term survival. In 
2012 Kamphues et al published the long-term outcomes 
of 428 patients who underwent resection of pancreatic 
head cancer.-^ The median survival was 15.5 months with 
a postoperative complication rate of 32.7%. The occur- 
rence of severe postoperative complications was associ- 
ated with a significantly shortened survival compared with 
patients without complications (16.5 vs 12.4 months; 
p=0.002) and was identified as an independent prognostic 
factor (p=0.002). Similar results have been shown in almost 
every type of gastrointestinal malignancy.^' 

As other studies have indicated, long-term survival after 
surgery may be affected by the degree of systemic immune 
response to the infection or surgical trauma shifted toward 
a T,2-type lymphocyte pattern.-*-^'* lL-10, one of the T^2 
cytokines, downregulates tumour specific immime 
responses by directly suppressing IFNc and lL-12 produc- 
tion, thereby reducing major histocompatibility complex 
expression on the surface of tumour cells and inhibited tu- 
mour antigen presentation by antigen presenting cells.^^"^^ 
In line with these studies, we have demonstrated that 
severe postoperative complications have a strong impact on 
the long-term survival of patients with inoperable pancre- 
atic head cancer and, as a result, these patients should be 
treated only in specialised centres. 

Conclusions 

Postoperative complications are associated independently 
with poorer long-term outcome in patients with pancreatic 
malignancy found unresectable at laparotomy. This type of 
surgery should therefore only be performed in specialised 
centres. A high P-POSSUM physiology subscore and a low 
cardiopulmonary reserve are pre-operative parameters as- 
sociated with postoperative complications but further stud- 
ies are needed to clarify their value as risk predictors. This 
would allow a better selection of patients who really benefit 
from palliative surgery at the time of laparotomy. 
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